Congenital hypothyroidism (CH) may lead to irreversible mental retardation. To prevent the complication, screening was conducted routinely for all neonates in Iran. This study aimed to evaluate the appropriateness of CH screening programs in Fars province, southern Iran. This retrospective study (FebruaryMay, 2017) was conducted in the Health System Research Center of Shiraz University of Medical Sciences (SUMS). The data were obtained from the non-communicable diseases' unit of SUMS regarding congenital hypothyroidism screening of all neonates born in Fars province from 2005 to 2015. We evaluated the coverage of CH screening, the incidence rate of CH, the percentage of the neonates screened for CH in ideal time, and neonates with CH treated in appropriate time. Descriptive statistics were used to determine the indices. To compare the incidence rate of boys and girls, we used Chi-square test. The coverage of CH screening in Fars Province increased from 50.0% in 2005 to 99.7% in 2015. Furthermore, the percentage of the neonates screened in the ideal time and the neonates with CH treated in an appropriate time increased from 26.0% and 78.0% in 2005 to 86.6% and 99.7% in 2015, respectively. In the evaluated period, the coverage of CH screening in Fars province (98.1%) was higher than that of the other provinces of Iran (83.0%). The study showed good screening coverage in Fars Province from 2005 to 2015. The coverage was considerably better than other provinces of Iran and improved during the study period. Also, over the course of time, more neonates were screened in an ideal time and treated in the appropriate time.
•
Primary congenital hypothyroidism (CH) may lead to irreversible complications.
• The complications can be prevented if diagnosis and treatment are timely through screening.
• Since 2005, the screening program has been integrated into the health system of Iran.
What's New

•
The coverage of neonatal CH screening program in Fars province has increased (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) .
•
The coverage of screening in the age of 3-5 days has increased.
• The prevalence of neonatal CH has increased from 0.0126 to 0.0258.
The percentage of treatments that were started at the optimal age has increased.
Introduction
Primary congenital hypothyroidism (CH) refers to low levels of thyroid hormones in the neonate's blood, which may lead to irreversible complications such as mental retardation and deafness. 1 CH of any cause is difficult to be recognized within the neonatal period, because of normal gross appearance. 2 The complications can be prevented if diagnosis and treatment are timely through screening; this timely diagnosis and treatment has already found to greatly reduce the socioeconomic burden of the disease. 3 In 1993, CH screening was recommended by the American Academy of Pediatrics. 4 Today, screening is done routinely in most countries of the world, 5 and various studies have been conducted to examine the status of CH screening program. [6] [7] [8] In Iran, a pilot study was conducted about CH screening in 1987, and it was discontinued because of iodine deficiency. The program was started again from 1997. 6 Since 2005, the program has been integrated into the health system and has gradually been implemented in all provinces. All provinces have been covered by this program since 2007. The prevalence of CH was reported as 1:914 live births in Tehran and 1:357 in Isfahan. 7, 8 Also, studies showed that this program was cost-effective. 9 Although Fars is one of the largest provinces in southern Iran, the status of neonatal CH screening programs has not been investigated in it. Therefore, this study was aimed to evaluate the appropriateness of neonatal CH screening programs in Fars province and compare it with that of other provinces of Iran. In this retrospective study (February-May, 2017), using the archived data, we evaluated the screening of all neonates born in Fars province, Iran (2005 Iran ( -2015 . However, stillbirth neonates and the neonates whose names were not recorded in the National Organization for Civil Registration of Iran were excluded from the study. We obtained the number of the screened neonates and their age at the screening time, and the number of the infants diagnosed to suffer from CH and their age at the onset of treatment from the non-communicable diseases' unit. The data belonging to other years were also categorized in the same fashion.
Materials and Methods
According
To evaluate the appropriateness of CH screening, we evaluated the following indices:
• The coverage of CH screening: The screened neonates for CH in Fars Province per 100 neonates born in the province, based on the information obtained from the National Organization for Civil Registration of Iran.
• The incidence rate of CH: The number of neonates diagnosed to suffer from CH per 100,000 neonates screened in a year.
• The percentage of the neonates screened for CH in an ideal time (3rd-5th day of lives), in an acceptable time (6th-21st day of lives), and in an undesirable time (22nd day of lives or later)
• The percentage of the infants who were suffering from CH and their treatment was started in an appropriate time (27th day of lives or before), in an acceptable time (28th-40th day of lives), and in an undesirable time (41st day of lives or later)
In addition, we compared the coverage of CH screening in Fars Province with that of the other provinces of Iran. The coverage in the other provinces of Iran was calculated according to the national reports existing in the noncommunicable diseases' unit.
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Data were analyzed using SPSS version 21.0 for Windows. We used descriptive statistics to determine the indices. To compare the incidence rate for boys and girls, Chi-square test was used (α=0.05). Microsoft Office Excel version 2013 for Windows was used to create the diagrams. The study was approved by the local Research Ethics Committee (≠14463). To consider ethical issues, the collected data were not revealed to anybody, except to the researchers; therefore, the patients' names were kept confidential.
Results
Based on the Registered Office statistics (2005 and 2015), 787,995 infants were borne in Fars Province. Based on the registered statistics in the non-communicable diseases unit of SUMS, 98.9% (773,066) of the infants were screened for neonatal hypothyroidism, of which 376,827 (48.74%) and 396,239 (51.26%) were girls and boys, respectively. As figure 1.a shows, the screening coverage had increased rapidly over the years. Currently, 99.7% of infants born in Fars province are screened. Moreover, the coverage of screening in Fars province was higher than that of other provinces of Iran during all these years (figure 1.b).
All 1,691 infants with neonatal hypothyroidism (862 girls and 829 boys) had been diagnosed during these years. Therefore, out of every 100,000 newborns in Fars province, 218.74 newborns had neonatal hypothyroidism.
There was no significant difference between the incidence of the disease in two genders (incidence rate per 100,000 infant, 228.75 for girls vs. 209.22 for boys, P=0.066) (table 1) . From 2005 to 2015, the percentage of the neonates screened in an ideal time is shown in figure 1.c.
In these years, all infants who had been diagnosed with neonatal CH had been treated, generally at a favorable or acceptable time. Only for two infants, one in 2007 and one in 2008, the treatment had started in an unacceptable time. The percentage of newborns that started receiving treatment at the optimal time increased in these years so that in 2014, 99.7% of the infants received the treatment at the optimal time (figure 1.d).
Discussion
Overall, the coverage of the screening, which elevated rapidly during the evaluated period, 11 the coverage of screening in Fars province had been higher than that of other provinces of Iran during the years investigated in this study. The reason for not reaching 100% screening coverage was out-reach populations including tribal neonates and those who were born in prison. Thus, it is necessary to plan to facilitate screening programs for these two groups of populations.
Comparing the CH screening coverage in Fars province with that of all provinces of Iran, we found better coverage in Fars province in all years of the study period. In our study, the incidence rate of CH was 228.75 per 100,000 infant for girls and 209.22 per 100,000 infant for boys, with no significant difference between the two. The proportion of boys to girls was 1:1.4 in Tehran province, 12 and 0.7 in Isfahan province.8 A study showed that there was no statistically significant correlation between gender and the prevalence of the disease, as well as the level of Thyroid-stimulating hormone (TSH). 12 This study showed that the incidence rate of CH had increased from 2.6 in 2005 to 3 in 2015. This rate was 0.4% in a study in Tehran. 12 Although the definitive cause of this increase has not been identified, it has been suggested that 36% to 38% of the national increase could be accounted for by changes in demographic characteristics among live births, including race, ethnicity, gender, birth plurality, birth weight, and mother's age. 13 The prevalence of neonatal CH was estimated at 0.0126 in 2005, which increased to 0.0258 in 2015. The prevalence of CH varies in different parts of the world. It has been reported 1:2326 in Turkey and 1:1823 in Lebanon. 14, 15 The results of other studies showed a prevalence of 1:1002 in Tehran and 1:289 in Yazd. 7, 16 The causes of the prevalence and the increase in the occurrence of the disease are:
1. Increased screening coverage, 2. Improved laboratory procedures, 3. Increased attention paid to the neonates of special conditions (premature, weigh <2,500 or >4,000 gr, two or more hospitalized, history of specific medications, blood transfusions), 4. Reported iodine deficiency in food. Causes of iodine deficiency in Fars province are lack of access to seafood, mountainous region, and iodine deficiency in salt and improper use of salt from iodine. The goal of optimizing the access of pregnant mothers to iodine is recommended from the third month before pregnancy to the fourth month of pregnancy. 16 Our study showed that the time of CH screening in Fars province improved over time. Although 38% of neonates were screened in an undesirable time in 2005, about 80% of the neonates were screened in an ideal time in 2015.
The following reasons could have contributed to this improvement:
1. Coordination between the Registry Office, where the issuance of ID is only possible when the screening document is shown. This action was taken in the early years of the program, yet after the general education of the community and raising awareness about the importance of screening since 2009, this requirement was removed.
2. Increased access to screening centers in the province.
3. Stabilization of the experts in the province as to reduce sampling error.
4. Training the pregnant women about the importance of screening in the first and second months of pregnancy.
5. Implementation of the screening regulations for hospitalized neonates with emphasis on neonates who were neonatal intensive care unit (NICU)-registered.
The goal of neonatal screening for CH is to ensure that affected neonates start treatment as soon as possible, and not later than within the first 2 weeks of life, to prevent or minimize neurological impairment. Although in 2005, the treatment started for only 87% of the neonates suffering from CH in an appropriate time, in 2015, 99.7% of them received their treatment in an appropriate time. This indicator shows the desirability of the program because the golden time for CH treatment and to have enough time to perform diagnostic confirmatory tests is before 28 days. Thus, it is better that the first sampling be done within 3-5 days. The main reasons for improving this index are as follows:
1. Ease of access to screening centers in the province;
2. Targeted training of health-care workers, pregnant mothers, and the general public;
3. Effective and compassionate follow up procedures;
4. Appropriate care context. This was a retrospective study and we used the data available to us, so it is possible that the data were not properly recorded, but we tried to minimize this problem by exact data recovery. Although the coverage of the screening program was high, the incidence rate was not exactly 100% due to the percentage of neonate which had not been screened. However, because of high coverage, the rate was near the exact rate.
Conclusion
The coverage of the screening program in Fras province was considerably higher than the whole of Iran during the implementation of the program. To achieve complete screening, we need to increase access to those neonates who are born in tribes and prisons. The prevalence and incidence of CH has increased due to the increased screening coverage and improved laboratory procedures. The percentage of neonates whose treatments started at the time of optimal age had increased during the period of time which this study was focused on and this showed the success of this screening program in Fars province for that period.
